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Description 

Technical Field 

The invention relates to the production of proteins 
(such as glucocerebrosidase) in cell cultures using re- 
combinant techniques, and In particular to techniques 
permitting high levels of expression and secretion of the 
proteins into stabilized environments. 

Background Art 

Gaucher*s disease Is a genetic disorder which has 
been shown to be duo to a deficiency of glucocerebro- 
slde-p-glucosldase (GCR), In the most common form of 
the disease (Type I) this results in an accumulation of 
glucocerebroside in phagocytic cells of mainly liver, 
spleen and bone marrow of the afflicted patients: Brady, 
R. O. et al. ( 1 966) J. CI in. I n vest. 45pp.1112-1115.GCR 
can be isolated from human placental tissue. Pentchev 
and Brady (1975) U.S. Patent No. 3.910,822. However, 
the supply of human placental tissue is ultimately limit- 
ed, which may limit the number of patients which could 
be treated with enzyme from this source. 

The gene for GCR has been cloned. Sorge, J. et al. 
(1985) Proc. Natl. Acad. Sci., USA 82 pp. 1289-7293 
and (1 986) Proc. Natl. Acad. Scl., USA83 pp. 3567; and 
Ginns U.S. Pat. Appl. Serial No. 137796. filed 12/23/87. 
This could theoretically allow for unlimited production of 
the enzyme, using recombinant cells grown In large 
quantities. Methods for high level production of proteins 
in mammalian cells have been reviewed. Kaufman, R. 
J. (1987) Genetic Engineering 9 pp. 155-198 (J. Settow, 
ed.) Plenum Press. New York. Production of vaccines 
using microcarriers and mammalian cell culture has 
been reported. V^n Wezel, A, L and van der Velden-de 
Groot, C. A. M. (1 978) Process Biochemistry. March pp. 
6-8. The cells were grown on microcarriers in cell culture 
medium and the culture was mechanically stirred and 
sparged to provkJe the necessary oxygen. For the pro- 
duction of rabies vaccine, the growth medium was re- 
moved and the cell covered microcarriers were resus- 
pended in viral culture medium. Multiple harvests were 
obtained by Ran^esting the viral-containing medium and 
replacing with fresh medium every 4 to 5 days. Produc- 
tion of a secreted recombinant protein by a mammalian 
cell culture was reported by using a culture medium for 
growth of cells, and then a second medium containing 
a non-toxw polymer, which acts as a ceil protective 
agent, during protein production; the production medi- 
um is continually removed and replaced for continuous 
production of protein. Gray, R R etal. (1 988) WO Patent 
No. 8800967. 

There are two potential problems which could limit 
the ceil culture production of GCR. The first Is that the 
enzyme Is nomnally not secreted, but is Instead directed 
to the lysosome, an intracellular organelle. Since there 
are physiological limitatfons on the anrwunt of Intracel- 



lular protein a cell can contain, this can constitute an 
obstacle to the development of a cost-effective process. 
The second potential problem is that GCR is unstable 
at the 37**C required for mammalian cell culture in either 
5 phosphate-buffered saline (PBS) or PBS + 1 mM dithio- 
threitol (DTT). Humphreyis. J. D. and Ihler, G. J. (1980) 
J. Lab. Clin. Med. 96 pp. 682-692. If the enzyme were 
secreted by mammalian cells, methods would need to 
be found to stabilize Its activity at 37'C. The methods 
10 selected would have to be compatible with maintaining 
high cell viability and. productivity and not unduly inter- 
fere with the eventual purification of the enzyme from 
the extracellular medium. High levels of glycerol 
(20-50%) have been used for stabilizing the placental 
IS enzyme during its purification (Pentchev and Brady, op. 
cit.) but this method would be unacceptable for use with 
mammalian cell culture because high levels of glycerol 
are toxic to mammalian cells^ High levels of bovine se- 
rum albumin (1 00 mg/ml) (Humphreys and Ihler. op. clt.) 
20 are known to stabilize the protein but wouki interfere 
with the purification of the protein. It has also been 
shown that the stability of free GCR Is enhanced by en- 
trapment in.hemolyzed reseaied erythrocytes, but this 
would also interfere^ with the purificatton. Humphreys 
2S and Ihler. op. cit. 

The reducing composition dithbthreitol (DTT) is 
commonly used as a stabilizing agent during the purifi- 
cation of intracellular proteins, usually at a pH of >7.5, 
since the reaction rate is faster at an alkaline pH. 
30 Crelghton. T E. (1 984) Methods in Enzymology 107 pp. 
305-329. DTT, however, reduces cystine to cysteine, 
and thus proteins with disulfide links would not be ex- 
pected to be stabilized by DTT. For example, the pres- 
ence of DTT during enzyme Isolation was found to in- 
35 activate a-f etoproteln. Wu, J. T et al. Abstract: XVth An- 
nual Meeting ISOBM. The presence of DTT has also 
been found to be toxic to celts in cell culture. For exam- 
ple, the use of DTT in the culture of cystinotic fibroblasts 
showed that DTT could be used at 0.1 mM; however, 
"to higher levels (>1 .0 mM) were found to be toxic to the 
cells due to the stimulation of respiration: Goldr^an et 
al. (1 970) Lancet pp. 81 1 . Bettger. et al. reported the use 
of DTT in a serum-free medium for growth of human dip- 
loid fibroblasts, at a very low level of 6.5 X 1 0-^ mM and 
^ found the benefit to be only marginal. Bettger, W. J. et 
al. (1981) Proc. Nat. Acad. Sci. USA 78 pp. 5588-5692. 
Trivedi. et al. reported the use of 1 mM DTT In hepato- 
cyte cultures to enhance the reduction of Vitamin K 
2,3-epoxlde and found that exposure to the DTT did not 
so affect the protein concentration of the cells, however the 
cells were never cultured for longer than 48 hours with 
DTT Trivedi, L. S. etal. (1988) Arch. Biochem. Blophys. 
264 pp. 67-73. DTT at 20 mM has been used to enhance 
the survival of cells exposed to radiation, however the 
55 cells were exposed to DTT for less than one hour, and 
the protective effect of the DTT was thought to be due 
to the depletion of culture oxygen, a conditton which 
would not be compatible with long-term viability of the 
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cells. Biaglow, J. E. (1982) Advances in Exp. Medicine 
and Biology, Vol. 157 Hyperthermia, Dicher, H. I. and 
Bruley, D. F., eds., Plenum Press, NY, pp. 147-175. Al- 
though Pentchev has found that DTT may be used, to 
stabilize GCR in the last (ceil-free) steps of enzyme pu- s 
rification (Pentchev and Brady, op. cit.), the foregoing 
references suggest that use of DTT In effective concen- 
trations 1.0 mM) would threaten the viability of cell 
cultures used to produce GCR. 

Several investigators have examined the relation- io 
ship between concentration of dissolved oxygen in a hy- 
bridoma cell culture and productivity of the hybrldoma 
cells in producing antibody Reuveny, at al. found that 
lowering the oxygen concentration to 25% of air satura- 
tion (corresponding to 0.05 mM) increased monoclonal is 
antibody yield by prolonging cell viability. Reuveny. S. 
et al (1986) J. Immunolog. Meth. 86 pp. 53-59. The ef- 
fect seems to depend on the hybridoma line studied, 
however, since Miller, et al. studied oxygen concentra- 
tions between 0. 1 to 1 00% air saturation and found the 
optimal concentration of oxygen for antibody production 
to be 50% (0.1 mH). while MacMichael found that pro- 
ductivity decreased at oxygen concentrations below 
2.48 mg/l (0.08 mM). Miller, W. M. et al. (1987) J Cell. 
Physiol. J32 pp. 524-530. MacMichael. G. J. (1 989) Am- 2S 
er. Biotech. Lab. January, pp. 44-47. In all the work cited, 
the effect of oxygen was to Increase the population of 
viable cells, thus increasing the amount of antibody pro- 
duced, rather than enhancing the stability of the anti- 
body The effect of pH on hybridoma productivity has 30 
also been examined. MacMichael investigated the 
range of 6.8 to 8.1 and found the maximal productivity 
to be between 7.2 and 7.4. MacMichael. op. cit. Other 
investigators found the optimal pH to be 6.8-6.9 for a 
different hybridoma line. Maiorella, B., et al. (1 989) ACS 35 
Natiorial Fall Meeting, Miami. In both cases, the pH 
change was assumed to change the specific productiv- 
ity of the cell lines, rather than to stabilize the protein. 
The optimal pH for cell culture is considered to be 7.4 
and that this optimum varies little (between 7.0 and 7.7) 40 
for normal and transformed cell lines. Freshney, R.I. 
(1 987) Culture of Animal Cells. A Manual of Basic Tech- 
nique. Alan R. Liss, Inc. New York, p. 69. 

According to one aspect of the present invention 
there is provided a method of producing biologically ac- 4S 
five glucocerebrosidase comprising: 

(i) culturing recombinant cells containing the DNA 
sequence encoding for the production of glucocer- 
ebrosidase in a growth medium suitable for cell so 
growth; 

(ii) replacing a substantial portion of the growth me- 
dium with a production medium that is suitable for 
cell viability and secretion and stabilization of glu- 
cocerebrosidase; 55 
(III) allowing production and secretion of glucocere- 
brosidase into the production medium; 

(iv) removing and collecting the production medium 
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containing the secreted glucocerebrosidase, ob- 
tained in step (III); and 

(v) purifying the glucocerebrosidase from the pro- 
duction medium collected in step (iv). 

A wide range of compositions, that are not toxic to 
the cells, may be added to the production medium to 
stabilize GCR. Compositions containing thiols may be 
added, such as dithlothreitol, glutathione, 1,3-mercap- 
toglycerot, cysteamine, lipoic acid, lipoamide and thi- 
ogiycolate or proteins such as serum or serum albumin 
may be added. The pH or dissolved oxygen concentra- 
tion may be adjusted, or a combination of such stabiliz- 
ing conditions may be utilized. 

According to another aspect of the present inven- 
tion there is provided a method for the production and 
stabilization of a protein comprising: 

(i) culturing recombinant cells containing the DNA 
sequence encoding for the production of the protein 
in a growth medium suitable for cell growth; 

(ii) replacing a substantial portion of the growth me- 
dium with a production medium, suitable for cell vi- 
ability and secretion and stabilization of the protein, 
that includes dithiothreitol.in the range of approxi- 
mately 0.5-2 mM and is maintained at a less than 
0.06 mM concentration of molecular oxygen and at 
a pH adjusted to below 7; 

(iii) allowing production and secretion of the protein 
into, the production medium; 

. (iv) removing and collecting the productbn medium 
containing the secreted protein, obtained in step 
(ill), on a continuous basis and continually replacing 
the production medium; and 
(v) purifying the protein from the production medium 
collected in step (iv). 

According to a further aspect of the present Inven- 
tion there is provided a cell culture medium comprising: 

(i) cells including means for secreting glucocerebro- 
sidase; and 

(ii) a composition that Is not toxic to the cells and 
that stabilizes glucoerebrosidase. 

Brief Description of the Drawinos 

The foregoing features of invention will be more 
readily understood by reference to the following detailed 
description taken with the accompanying drawings, in 
which: 

Fig. 1 is a graph illustrating of the effect of donor 
calf serum levels on the medium levels of r-GCR, In ac- 
cordance with Example 1 . 

Fig. 2 is a graph of medium levels of rQCR vs pH 
with 1%, 5%, and 10% concentrations of DCS. m ac- 
cordance with Example 1. 

Fig. 3 Is a graph of medium levels of rGCR vs. dis- 
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solved oxygen concentration with 1%, 5%, and 10% 
concentrations of DCS, in accordance with Example 1. 

Fig. 4 is a graph showing the effect of DTT on GCR 
production, in accordance with Example 2. 

Fig. 5 is a graph of medium levels of r-GCT vs. pH s 
with 0 to 0.5 mM DTT as described in Example 2. 

Fig. 6 is a graph showing the effect of ImM DTT on 
the production and specific activity of irGCR, In accord- 
ance with Example 3. 

Fig. 7 Is a graph illustrating the effect of BSA on io 
GCR production as described in Example 4. 

Fig. 8 is a graph of medium levels of rGCR vs. pH 
with BSA In accordance with Example 4. 

Fig. 9 is a graph illustrating the effect of pH on the 
concentration and specific activity of GCR In accord- is 
ance with Example 5. 

Fig. 1 0 is a graph comparing concentration and spe- 
cific activity of GCR In two cell lines in accordance with 
Example 6. 

20 

Detailed Description of Specific Embodiments 
General 

The invention provides a method for production of 2S 
a protein, such as glucocerebrosldase (GCR). wherein 
recombinant cells containing the DNA sequence encod- 
ing for the production of the protein in a cell culture are 
grown in a growth medium suitable for cell growth. 

After growth of the cell culture, a substantial portion 30 
of the growth medium Is removed and replaced with a 
production medium adequate for cell viability and suita- 
ble for secretbn and stabilization of the protein. Upon 
expression and secretion of the protein into the produc- 
tion medium, the production medium Is removed and as 
collected. The protein is then purified from the produc- 
tion medium. Alternatively, a substantial portion of the 
production medium may be continually removed, col- 
lected and replaced to allow continuous secretion and 
production of protein. The collected protein may then be 40 
purified by the processing or purification steps required 
to obtain pure protein. 

Compositions which stabilize the protein may be 
added to the production medium. Compositions which 
may be added include thiol-containing dompounds such 46 
as dithlothreitol. glutathione, 1.3-mercaptoglycerol. cy- 
steamlne, lipolc acid, lipoamide and thioglycolate or pro- 
teins such as serum or serum albumin may be added. 
The pH or dissolved oxygen concentration may be ad- 
justed, or a combination of stabilizing conditions may be so 
utilized. 

Qlucocerebroeidase 

The method of the invention may be applied to the ss 
large scale production of glucocerebrosldase (GCR) 
from mammalian cell culture. The invention may thereby 
provide a source for large scale quantities of purified 



GCR, which is used In replacement therapy in the treat- 
ment of Gaucher's disease. 

Recombinant cells producing GCR may be devel- 
oped by a series of steps which are well-known in the 
field, which Include construction of a plasmid containing 
the DNA encoding GCR, various enhancers and plas- 
mid replication elements and possibly selective marlcers 
or amplifiable genes, foltowed by Iransfectlng the plas- 
mid Into a suitable mamrrialian host cell. The cell lines 
which most efficiently express protein may be selected 
by expressing the protein in a selective medium, and 
examining the levels of intracellular GCR protein or mR- 
NA. The cellular productivity may be amplified by step- 
wise increases in the selective agent If an amplifiable 
marker is Included in the plasmid. The particular form of 
expression system used to produce. GCR forms no part 
of the present inventbn. 

Once the recombinant cells have been devek)ped, 
they may be cultured by a number of techniques which 
are well-known In the field, which include, but are not 
limited to, suspension, mfcrocarrier, roller bottle, or hol- 
low fiber cultures. Preferably, the cells are grown on mi- 
crocan^lers which allow for easy separation of the medi- 
um from the cells and whteh can be scaled up to large 
volumes. The microcarriers used must support the 
growth of the cells and can be one of several known to 
the field, such as collagen coated dextran, DEAE-«ub- 
stltuted dextran, gelatin or polystyrene. The mlcrocan*!- 
ers are best maintained in suspensbn, preferably with 
the use of a tow shear agitation method such as 260 ml 
spinner flasks (Belico) which have a suspended mag-, 
netic stir bar and a teflon paddle. 

During the growth phase, regular exchanges of the 
medium can be performed to replace the consumed nu- 
trients and remove the generated waste products. This 
can easily be done by stopping the agitation, allowing 
the microcarriers to settle, removing 80% of the culture 
medium and replacing it with the same amount of fresh 
growth medium. The growth medium used can be any 
of the several which are well-known In the field and 
which can contain animal serum or other growth-pro- 
moting mixtures. Preferably, this growth medium will al- 
low the cells to reach a high density in the reactor (>5 x 
10^ cells/ml of medium used). Once a suitable, prefer- 
ably high cell density Is achieved, the growth medium is 
replaced with a production medium that contains com- 
pounds which stabilize the secreted GCR and which 
maintain the cells in a viable, slow growing or non-grow- 
ing productive state. The concentrations of the additives 
used must be such as to altow for maintenance of cell 
viability and productivity, while not unduly Interfering 
with later purification. Since the cells are maintained in 
a stationary, slow growing or non-growing state, higher 
levels of additives, whteh might normally Interfere with 
the growth of the cells, can be used. 

Thiol titrations using dithlonltrobenzoate showed 
the presence of at least one thiol on glucocerebrosldase 
required for enzyme activity. This indicated that condl- 
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tlons which stabilize thiols might stabilize GCR In cell 
culture. In accordance with this observation, it was 
found that conditions which stabilize thiols; such as the 
addition of a thiol-containing composition, or reducing 
the concentration of dissolved oxygen, or modifying the 
pH, stabilize the activity of GCR In cell culture. 

In the production medium, for optimal stabilization 
of GCR, the preferred level of dithithreitol (DTT) is 0,5-2 
mM, while the optimal pH of the production medium may 
be below 7.0 and preferably below 6.6. The lower limit 
of pH is determined by the pH sensitivity of the particular 
cells used. The pH used here Is believed to be novel 
because it is lower than that commonly used in cell cul- 
ture. The dissolved oxygen concentration must be kept 
low, preferably below 0.06 mM. Normally, the reductive 
capacity of DTT is enhanced by a high pH and a pH of 
8.1 has been recommended. Cleland, W. W. (1964) Bi- 
ochemistry 3 pp. 480. however, for this process, in the 
production of GCR. the stabilizing effect of DTT Is en- 
hanced by a lower pH. Other reducing cohfiposltions 
which may be added to the production medium to sta- 
bilize the activity of GCR include thiols such as glutath- 
ione, 1 ,3-mercaptoglycerol, cysteamine, llpolc acid, 
lipoamide and thioglycolate or proteins such as serum 
or serum albumin. 

If the cells have been cultured by a method which 
allows easy separation of cells and medium (such as 
with microcarrier or hollow fiber culture), then this sep- 
aration can be perfomied ona regular basis and the con- 
ditioned medium containing the product can be removed 
and replaced with fresh production medium. Alternative- 
ly, this separation can be performed on a coatinuous ba- 
sis jn a perfusion mode. 

If suspension culture is used, then the cells and me- 
dium can be removed from the reactor, and separated 
by some appropriate method, such as continuous cen- 
trlfugation, centrif ugation or hollow fibere. The cells can 
then be rediluted with fresh maintenance medium and 
returned to the reactor for continued production If de- 
sired. 

The Invention may be used for producing large 
scale quantities of GCR for clinical use In the treatrnent 
of Gaucher's disease. In addition, the Invention may be 
applied to other proteins. 

■ EXAMPLES 

Example 1. 

GCR expression vectors were constructed with 
DNA sequences coding for glucocerebrosidase, under 
control of the SV40 promoter, the adenovirus promoter, 
or the RSV-LTR promoter, together with an ampllfiable 
gene such as dihydrofolate reductase, adenosine 
deaminase, or ornithine decarboxylase, or othere, such 
that the ampllfiable gene Is expressed under the control 
of its own promoter, or linked to the GCR gene, by tech- 
niques obvious to those skilled In the art, and as has 



been reviewed by Kaufman, R. J. (1987) Genetic Engi- 
neering 9 pp. 155-198. In one example, a GCR expres- 
sion vector was constructed with the gene encoding 
GCR under the control of the SV40 enhancer early pro- 
5 moter as described in U.S. Patent Appl. No. 455|507, 
filed December 22, 1989 (Fig. 7). The GCR vector was 
then transf ected into Chinese hamster dihydrofolate re- 
ductase deficient mutant cells DG44 (G. Uriaub et al. 
(1986) Som. Cell Motec. Genet. ^ pp. 555-666), using 
10 the lipofectln^ transfectlon method as described by the 
manufacturer (BRL, Galthersburg, MD). After transfec- 
tlon, the transfecting medium was removed and re- 
placed with a non-selective medium for 24 hours. This 
medium was then replaced with a selective medium, a- 
IS MEM (minus nucleotides). Cell cotonles which grew in 
the selective medium were harvested and aliquots lysed 
with a 0.05M sodium citrate buffer, pH 6.2, containing 
12.0 g/L sodium chollc acid and 12.0 ml/L of 1-butanol. 
The intracellular GCR levels were measured in the lysed 
samples using the fluorogenic substrate 4-methyl-um- 
belliferyl-p-D-glucoside. Suzuki, K. Methods in Enzy- 
mol. (1978) 50 pp. 478-479. Cell colonies containing 
high levels of intracellular GCR were expanded and 
stepwise amplified with Increasing levels of methotrex- 
ate up to 10.0 mM. 

One cell line, 11 15B, was taken at this point and in- 
oculated into microcarrier culture at an initial density of 
1 X 10^ cells/ml, In a growth medium consisting of basal 
medium plus 1%, 5% or 10% donor calf serum (DCS). 
For this example, 80% of the medium was exchanged 
starting on day 3 and every 48 hours after that. The uriits 
of GCR activity present in the extracellular medium, and 
the pH and dissolved oxygen concentration of the me- 
dium were monitored in daily samples. Cell growth rates 
were similar between the cultures given 10% or 5% se- 
mm. Higher levels of GCR activity (as meiasured by the 
4-MU assay) in the extracellular medium were found 
with higher levels of serum (Fig. 1), lower pH (Fig. 2) 
and lower dissolved oxygen (Fig. 3). Specifically, the de- 
sired pH is bek?w 6.6 and for these cells, preferably be- 
tween 6.4 and 6.6 white the desired dissolved oxygen 
concentration is below 0.06 mM. 

Example 2. 

The I1 1 5B cell line used in example 1 was Inoculat- 
ed Into microcarrier spinners, using the same methods 
as in example 1 and a growth medium consisting of a 
basal medium plus either 5% or 10% DCS. After the 
cells reached a density of 8 x 1 0^ cells/ml, the productkxi 
phase was then initiated by removing the growth medi- 
um and replacing it with the basal medium alone. The 
medium was exchanged (80%) every 24 hours and 
gradually increasing levels (0 to 0.5 mM) of dithiothreitol 
were added to the basal medium. The dissolved oxygen 
was maintained below 0.06 mM by controlling the level 
of oxygen In the headspace of the reactor. The level of 
enzyme activity (measured by the 4-MU assay) found In 
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the extraceNular medium as a function of increasing 
amounts of DTT is shown in Fig. 4. 

Seiected samples were also analyzed for total GCF^ 
protein by . a polyclonal ELISA and demonstrated a 
steady level of secretion of GCR protein of 1 .64 ± 0.25 
mg/l. Thus the increased level of enzyme activity meas- 
ured in the medium represented Increased stability of 
the secreted enzyme. This increased activity was not 
only correlated with Increased levels of DTT, but also 
with decreased pH, as demonstrated In Fig. 5. The pre- 
ferred pH for high enzyme activity was below 6.6. 

Example 3. 

The II 15B cell line used in Example 1 was inocu- 
lated Into a separate set of microcarrler spinners, using 
the same methods as in example 1 and a growth medi- 
um consisting of a basal medium plus 10% DCS. After 
the cells reached a density of 1 x 10^ cells/ml, the cul- 
tures were switched to a production medium containing 
1.0 mM DTT During the production period, the pH vyas 
always maintained below 6.8 and generally below 6.6. 
The dissolved oxygen was maintained below 0.06 mM. 
An 80% harvest and refeed was perfomned dally and the 
levels of GCR in the extracellular medium were nrx)ni- 
tored in dally samples by both the 4-MU activity assay 
and a polyclonal ELISA. 

Figure 6 shows that productivity of the cells could 
be maintained for 30 days and that the specific activity 
of GCR In the extracellular medium was generally above 
25 lU/mg. Ten liters of harvest medium from these cul- 
tures were purified with two chromatography steps with 
a total yield of 22 mg of protein (BCA) that had a specific 
activity of 42 lU/mg of protein. 

Example 4. 

The II 15B cell line used in Example 1 was Inocu- 
lated into a separate set of microcarrler spinners, using 
the same methods and growth medium as In Example 
1. After the cells reached a density of 8 x 10^ cells/ml 
the cultures were switched to a production medium con- 
taining 5.75 g/l bovine serum albumin. The level of al- 
bumin was increased to 11 .5 g/l after 7 days. The level 
of active enzyme, pH and dissolved oxygen were again 
monitored in dally samples. The dissolved oxygen was 
maintained below 0.06 mM as In Example 1. 

The level of active enzyme as a function of albumin 
concentration Is shown in Fig. 7 and as a function of pH 
In Fig. 8. Selected samples were also analyzed by a pol- 
yclonal ELISA and demonstrated a constant level of 
GCR protein was being produced (1.41 ± 0.3 mg/l) in- 
dicating that the increased level of activity seen in the 
harvests was due to Increased stability of the enzyme 
with the lower pH and higher level of albumin. The pre- 
ferred pH was below 6.6. 



Example 5. 

The II 15B cell line used in Example 1 was inocu- 
lated into t-25 plastic flasks at an Initial density of 5 x 

5 105 cells/flask. The cells were overlaid with growth me- 
dium at pH 6.6 containing 1 0% FBS which was changed 
every 48 hours until the flasks were confluent. The 
growth medium was then removed and replaced with 
fresh growth medium which had been titrated to 5 dif- 

10 ferent pH's ranging from 6.2 to 7.2. After 24 hours the 
medium was removed and assayed for the amount of 
GCR protein present by a polyclonal ELISA and the 
amount of GCR activity present by the 4-MU assay The 
level of GCR protein produced was not affected by the 

IS pH (Fig. 9) but the specific activity was, resulting in a 
higher activity as the PH was decreased. The maximal 
activity was achieved with an Initial pH of 6.2 - 6.7. 

Example 6. 

20 

A second GCR expression vector was constructed 
as described in U.S. Patent Appl. 455,507, filed Decem- 
ber 22, 1 989 (Fig. 9) with transcription of the GCR gene 
under the control of a SV40 enhancer Adenovirus major 

25 late promoter This vector was used to transfect DG44 
CHO cells and GCR expressing cells were developed 
as in Example 1 . One of the cell lines, named I V 7A, was 
inoculated Into microcarrler culture as in Example 1 with 
growth medium, containing 10% DCS. After a cell den- 

30 sity of 5 X 1 0« cells/ml was achieved, the cultures were 
placed in a production medium containing 1 mM DTT. 
Diaity samples were taken for GCR arialysis by the 4-MU 
assay and a polyclonal ELISA. and for analysis of pH 
and the concentration of dissolved oxygen. The condi- 

35 tioned medium (80%) was han/ested daily and replaced 
with fresh medium as in Example 1 . The pH was main- 
tained below 6.6 and the dissolved oxygen was main- 
tained below 0.06 mM. The productivity was compared 
to the II 15B cell line used for examples 1-3 (Fig. 10). 

40 Although the two cell lines produced different amounts 
of the enzyme (mg/l), the specific activity of the GCR 
was the same in the presence of 1 mM DTT, Indicating 
that the activity of GCR in the extracellular medium was 
not dependent on the vector chosen or the level of GCR 

46 produced. 



Claims 

50 1 . A method of producing biologically active glucocer- 
ebrosidase comprising: 

(i) culturing recombinant cells containing the 
DNA sequence encoding for the productfon of 
55 glucocerebroskJase in a growth medium suita- 

ble for ceil growth; 

(11) replacing a substantial portion of the growth 
medium with a production medium that is sult- 
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able for cell viability and secretion and stabili- 
zation of glucocerebrosldase; 
(Hi) allowing production and secretion of glu- 
cocerebrosldase into the production medium; 

(iv) removing and collecting the production me- s 
dium containing tlie secreted glucocerebrosi' 
dase. obtained in step (Hi); and 

(v) purifying the glucocerebrosldase from the 
productbn medium collected in step (iv). 



2. A method according to claim 1 , wherein the step of 
removing and collecting the production medium is 
performed on a continuous basis and includes the 
step of continually replacing the production medi- 
um. 

3. A method according to claim 2, wherein the produc- 
tion medium includes a thiol-containing composi- 
tion. 

4. A method according to claim 3, wherein the thiol- 
contalning composition is selected from the group 
consisting of dithiothreitol. glutathione, 1 ,3-mercap- 
togtycerol, cysteamine, lipolc acid, llpoamlde and 
thiogtycolate. 

5. A method according to claim 4, wherein the thbl- 
containing composition in the production medium is 
dithlothreitol and wherein the concentration of dithi- 
othreitol in the production medium is in the range of 
0.5-2 mM. 

6. A method according to claim 2, wherein the produc- 
tbn medium is maintained at a less than 0.06 mM 
concentration of molecular oxygen. 

7. A method according to claim 2, wherein the pH of 
the production medium Is adjusted to below 7. 

8. A method according to claim 7, wherein the pH of 
the production medium Is In the range of 6.2 - 6.7. 

9. A method according to claim 2. wherein the produc- 
tion medium Includes a protein. 

10. A method for the productbn and stabillzatbn of a 
protein comprising: 

(I) culturing recombinant cells containing the 
DNA sequence encoding for the production of 
the protein in a growth medium suitable for cell 
growth; 

(II) replacing a substantial portion of the growth 
medium with a production medium, suitable for 
cell viability and secretion and stabilization of 
the> protein, that Includes dithlothreitol in the 
range of approximately 0.5-2 mM and is main- 
tained at a less thah 0.06 rriM concentration of 



molecular oxygen and at a pH adjusted to be- 
bw7; 

(ill) allowing production and secretion of the 
protein into the production medium; 

(iv) removing and collecting the production me- 
dium containing the secreted protein, obtained 
in step (ill), on a continuous basis and continu- 
ally replacing the production medium; and 

(v) purifying the protein from the-productbn me- 
10 dium collected in step (iv). 

11. A method according to claim 10, wherein the pH of 
the production medium is In the range of 6.2 6.7. 

IS 12. A ceil culture medium comprising: 

(i) ceils Including means for secreting glucocer- 
ebrosldase; and 

(II) a composition that is not toxic to the cells 
^ and that stabilizes glucocerebrosldase. 

1 3. A cell culture iriedium according to claim 1 2, where- 
in the composition Includes a thlot-contalnlng.com- 
positbn. 

26 

1 4. A cell culture medium according to claim 1 3, where- 
in the thiol-containing composition Is selected from 
the group consisting of dithlothreitol, glutathione, 
1,3-mercaptogiyceroi. cysteamine. lipolc acid, 

30 lipoamlde and thioglycolate. 

1 5. A cell culture medium according to claim 1 4, where- 
in the thfol-containing composition Is dithlothreitol 
and wherein the concentration of dithiothreitol in the 

35 culture medium is in the range of 0.5^2 mM. 

1 6. A cell culture medium according to claim 1 2, where- 
in the cell culture medium Is maintained at a less 
than 0.06 mM concentration of nfK)lecular oxygen. 

40 

. 17. A celt culture medium according to claim 12, where- 
in the pH is adjusted to below 7. 

18. A cell culture medium according to claim 17, where- 
^ In the pH Is in the range of 6.2-6.7. 

1 9. A cell culture medium according to claim 1 2, where- 
in the composition includes a protein. 

so 

PatentansprQche 

1 . Verfahren zur Gewinnung blobglsch aktiver Gluco- 
cerebrosldase, umfassend: 

55 

(i) ein Kuitivleren rekombinanterZellen, welche 
die DNA-Sequenz enthalten, die l(odlert fOr die 
Herstellung von Glucocerebrosldase, In einem 
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zur Zellkultur geeigneten Kulturmedium; 
(ii) ein Ersetzen eines erheblichen Teils des 
Kulturmediums durch ein Produktionsmedium, 
das die Zeilebensfaiiiglceit sicliersteitt sowie f Qr 
die Sekretion und zur Stabillsierung von Gluco- 
cerebrosidase geeignet ist; 
(lii) ein Produzieren- und Sezemieren-lassen 
von Giucocerebrosidase in das Produktions- 
medium; 

(Iv) ein Entfernen und Sammein des Produkti- 
onsmediums aus Schritt (iii), das die sezemier- 
te Gtucocerebroskiase entlialt; und 
(v) ein Reinigen der Giucocerebrosidase aus 
dem in Schritt (iv) gesammelten Produktions- 
medium. 

2. Verfahren nach Anspruch 1, wobei der Schritt des 
Entfemens und Sammelns des Produktionsmedi- 
ums stetig erfolgt und den Schritt des stetigen Er- 
setzens des Produktionsmediums beinhaltet. 

3. Verfahren nach Anspruch 2, wobei das Produkti- 
onsmedium eine Thiol-haltige Zusammensetzung 
enthalt. 

4. Verfahren nach Anspruch 3, wobei die Thiol-haltige 
Zusammensetzung ausgewahit ist aus der Gruppe 
Dithiothreltol, Glutathion, 1,3-Mercaptoglycerin, 
Cysteamin, Liponsaure, Liponsaureamid und Thio- 
glycolat. 

5. Verfahren nach Anspruch 4, wobei die Thiol-haltige 
Zusammensetzung in dem Produktionsmedium 
Oithiothreitot ist und die Konzentration von DIthio- 
threitol in dem Produktionsmedium von 0,5-2 mM 
refcht. 

6. Verfahren nach Anspruch 2, wobei die Konzentra- 
tion an molekularem Sauerstoff In dem Produkti- 
orismedium auf unter 0,06 mM gehalten wird. 40 

7. Verfahren nach Anspruch 2, wobei der pH-Wert des 
Produktk)nsmedlums auf unter 7 eingestellt wird. 

8. Verfahren nach Anspruch 7. wobei der pH-Wert des 4S 
Produktfonsmedlums von 6,2-6,7 refcht. 

. 9. Verfahren nach Anspruch 2, wobei das Produkti- 
onsmedium ein Protein beinhaltet. 

so 

10. Verfahren zur Hersteitgng und Stabillsierung eines 
Proteins, umfassend: 



mediums durch ein Produktionsmedium, das 
die Zeilebensfahigkeit sichersteilt. und fur die 
Sekretion sowie zur Stabillsierung des Proteins 
geeignet Ist, das ungefahr 0,5-2 mM Dithlo- 
threitol enthalt und bel dem die Konzentration 
an molekularem Sauerstoff unter 0,06 mM ge- 
halten unci der pH-Wert auf unter 7 eingestellt 
wird; 

(III) Herstellen- und Sezernieren-lassen des 
Proteins in das Produktionsmedium; 

(iv) Stetiges Entfernen und SammeIn des Pro- 
duktionsmediums, welches das sezernierte 
Protein enthSIt und das In Schritt (ill) erhalten 
worden ist, sowie stetiges Ersetzen des Pro- 
duktionsmediums; und 

(v) Reinigen des Proteins aus dem in Schritt (Iv) 
gesammelten Produktionsmedium. 

11. Verfahren nach Anspruch 10, wobei der pH-Wert 
des Produktionsmediums von 6,2-6,7 reicht 

12. Zeii kulturmedium, umfassend: 

(I) Zellen, die Giucocerebrosidase sezemleren 
konnen; und 

(ii) eine Zusammensetzung, die fur die Zellen 
nicht toxisch Ist und Giucocerebrosidase stabt- 
Ijsiert 

13. Zellkultumnedlum liach Anspruch 12, wobei die Zu- 
sammensetzung eine Thiol-haltige Verblndung ent- 

haft. 

14. Zellkultunfnedium nach Anspruch 13, wobei die Thi- 
ol-haltige Verblndung ausgewahit ist aus der Gmp- 
pe Dithiothreltol, Glutathion, 1,3-Mercaptoglycerln, 
Cysteamin, Liponsaure, Liponsaureamid und Thto- 
glycolat. 

1 5. Zellkultunfnedium nach Anspruch 1 4, wobei die Thi- 
ol-haltige Verblndung Dithiothreltol ist und die Kon- 
zentration von Dithiothreltol In dem Kulturmedium 
von 0,5-2 mM reksht 

16. Zellkultunfnedium nach Anspruch 12, wobei die 
Konzentration an molekularem .Sauerstoff In dem 
Zellkultumiedlum auf unter 0,06 mM gehalten wird. 

1 7. Zellkultumiedlum nach Anspruch 1 2, wobei der pH- 
Wert auf unter 7 eingestellt wird. 

18. Zellkulturmedium nach Anspruch 17, wobei der pH- 
Wert von 6,2-6.7 reteht. 

19. Zellkultunmedlum nach Anspruch 12, wobei die Zu- 
sammensetzung ein Protein beinhaltet. 



(i) Kultivieren rekombinanter Zellen. die die 

DN A-Sequenz enthalten. wek:he kodiert f Or die s$ 
Herstellung des Proteins. In einem zum ZeH- 
wachstum geeigneten Kulturmedium; 

(ii) Ersetzen eines erhebltohen Teils des Kuttur- 
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Revendieatlons 

1 . Mdthode de production de gtucocdr^brosidase bio- 
logiquement active comprenant : 

(i) la culture de cellules recombin^es contenant 
la sequence d'ADN codant pour la production 
de glucocdrdbrosldase dans un milieu de crois- 
sance convenant pour la culture de cellules ; 
(li) ie remplacement d'une partle substantielle 
du milieu de croissance par un milieu de pro- 
duction approprid k la viability des cellules ainsi 
qu'^ la s^r^tlon et h la stabilisation de la 
glucocdr^brosidase.; 

(ill) la production et la sdcrdtion de glucoc^rd- 
brosidase dans Ie milieu de production ; 

(iv) Penlfevement et la recuperation du moyen 
de production contenant la gtucocerebrosldase 
s6cr6t6e, obtenue k I'dtape (ill) ; et 

(v) la purification de la glucocSrebrosidase k 
partir du milieu de production recueilli k retape 
(iv). 

2. M6thode selon la revendication 1, dans laquelle 
retape d'enl^vement et de rdcupdration du moyen 
de production s'effectue de fa^on continue et com- 
porte une etape de remplacement en continu du mi- 
lieu de production. 

3. M6thode selon la revendication 2, dans laquelle Ie 
milieu de production contlent une composition con- 
tenant un tiiiol. 

4. Methode selon la revendication 3, dans laquelle la 
composition contenant un thiol est chofsie dans Ie 
groupe constitu6 par Ie dithio thrditol, le glutathione, 
Ie 1.3-mercaptog1ycerol, la cystdamlne. I'acide li- 
poTque, une Itpoamine et un thbgtycolate. 

5. Methode sebn la revendjcation 4, dans laquelle la 
composition contenant un thbl dans Ie milieu de 
production est ie dithiothrditol et dans laquelle la 
concentration en dithiothreitol dans le milieu de pro- 

. duction est comprise entre 0,5 et 2 mM. 

6. M6thode selon la revendication 2, dans laquelle la 
concentration en oxygdne mol6culaire dans le mi- 
lieu de production est maintenue k une valeur infd- 
rieure k 0,06 mM. 

7. Methode selon la revendication 2, dans laquelle le 
pH du milieu de production est ajustd k une valeur 
infdrieure k7, 

8. Methode selon la revendication. 7, dans laquelle le 
pH du milieu de production se situe dans la plage 
de 6.2^6.7. 



9. Methode selon ta revendication 2, dans laquelle le 
milieu de production Inclut une protdine. 

1 0. M6thode de production et de stabilisation d'une pro- 
teins comprenant : 

(I) la culture de cellules recombinees contenant 
la sequence d'ADN qui code pour la production 
de la proteine dans un milieu de croissance 
convenant pour la culture de cellules ; 

(ii) le remplacement d'une partle substantielle 
du milieu de croissance par un milieu de pro- 
duction approprie k la viabilite et k la secretion 
des cellules et k la stabilisation de la proteins, 
qui comporte du dithiothreitol dans la plage ap- 
proximative de 0,5 k 2 mM, et dans lequei la 
concentration en oxygdne moieculaire est 
maintenue k une valeur inferieure k 0,06 mM 
et le pH ajuste k une valeur inferieure k 7 ; 

(iii) la production et la secretion de la proteine 
dans le milieu de production ; 

(iv) I'enievement et la recuperatbn du moyen 
de production contenant la proteine secretes, 
obtenue k retape (Hi), de fa5on continue, et le 
remplacement en continu du milieu de 
production ; et 

(v) la purification de la proteine k partir du milieu 
de production recueilli k I'etape (iv). 



30 11. Methode selon la revendication 1 0, dans laquelle le 
pH du milieu de production se situe dans la plage 
de 6.2^6.7. 
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12. Milieu de culture cellulaire comprenant : 

(i) des cellules contenant un moyen de secre- 
tion de la glucocerebrosidase ; et 
(li) ur\B composition qui n'est pas tpxique pour 
les cellules et qui stabilise la giucocerebroslda- 
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13. Milieu de culture cellulaire selon la revendication 

12, dans lequei la composition Inclut un compose 
contenant un thiol. 

14b Milieu de culture cellulaire selon la revendication 

13, dans lequei le compose contenant un thiol est 
choisi dans le groupe constitue par le dithiothreitol, 
le glutathione, le 1 ,3-mercaptoglycerol, la cysteami- 
ne, I'acide lIpoTque, une lipoamine et un thioglyco- 
late. 

15. Milieu de culture cellulaire selon la revendicatbn 

14, dans lequei le compose contenant un thiol est 
le dithiothreitol et dans lequei ta concentration en 
dithbthreitot dans le milieu de culture est comprise 
entre 0,5 et 2 mM. 
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16. Milieu de culture cellutaire salon la revendication 
12» dans Isquel la concentration en oxygdne mold- 
culaire du milieu de culture cellulaire est malntenue 
k une valeur Infdrieure k 0,06 mM. 

5 

17. Milieu de culture cellulaire selon la revendication 
12. dans lequel le pH est ajustd k une valeur infd> 
rieure k 7. 

18. Milieu de culture cellulaire selon ta revendication io 
17, dans lequel le pH se situe dans la plage de 6,2 
66,7. 

19. Milieu de culture cellulaire selon la revendication 

12, dans lequel la composition inclut une protdlne. is 



20 



2S 



30 



35 



40 



4S 



SO 



ss 



10 



EP 0 568 647 B1 



cn 
o 
o 



CD 



to 
o 

Q 

Q 
\ 



CO 

o 
o 



in 

\ 



3K 



f 

\ 



\ 



^9 



I 
t 



\ » 



CO 

to 
ro 

CM 



CO 

2^ 



.00 

m 
•ro 



I ' ' ■ ■ ■ I 
a> lO ^ ro CM 



I 

o 



o> op 



ro 



CsJ ^ 



11 



EP0 568 647B1 



CM 
CD 



o 



73 



o 
o 




6> 



in 

5d 



o o 



in 

CO 



o 
id 



in 
m 



O 

m 
in 

o 



' » ' » I t — r- 

o o> 00 ID in ^ 



o>CDf^«>in^rocM'^ 



fO CM O 



12 



EP0 568 647B1 



CD 



o 
o 

.CM 

d 
o> 
o 
<^ 
o 

o* 
to 

5 

tn 
5 

'o 

[o 

Pro 
?o 

O CD 
OX 

8l 

OQ 
o 



o 
o 



o 
o 



CO 

o 



o o 
o 



CO 

o 
o 

lO 

8. 

o 

CM 

o 
o 

5 
o 



o 
o 



O) CO (p IT) ^ ro CM ^ O 



o> 00 1^ u> in ^ 



ro oj ^ qO 



13 



EP 0 568 647 B1 




14 



EP0 668 647B1 



in 

CD 



o 



o 
o 

o 

CD 

o 
o 



o 
o 

% 



XO KT <M 

ro ro ro 



^ c8 cS Si Rl 8 
or 

2 CD 



15 



EP 0 568 647 B1 




16 



EP0 568 647B1 




o 
in 



or> E 

o 
o 

o 



o 



in 
• 
I 
I 

+ 
I 
I 
I 

CO 

o 
o 



o 



>- 

5 



17 



EP0 568 647B1 



CD 




Q 


CD 














in 
a> 


















CD 




o 






o 








ID 




o 


.00 



o o 
o 



0^0° 



I 



KO ^ CVJOCOCD^ J^OCOCO^CMOcnCD 



CVJ 



CD 



18 



EP 0 568 647 B1 




EP 0 568 647 B1 




